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MIFS

We describe the design and operation of thefluiddelivery,
monitor and control systems for the SLD barrel Cherenkov
Ring Imaging Detector (CHID). The systems deliver drift
gas (CJHB+TMAE), radiator gas (CsFu+Nj) and radia
tor liquid (C«Fn)- Measured critical quantities such as
electron lifetime in the drift gas and ultra-violet (UV)
transparencies of the radiatorfluids,together with the op
erational experience, are also reported.
1

Introduction

Tiie SLD barrel CRID [1], which was partially commis
sioned in 1991 [2, 3], is now fully operational [4, 5]. A
combination of gaseous (a mixture of 30% Nj and 70%
CaFu, n=1.0013 at A=1S00A) and liquid (C F , n=1.277
at AslOOOA) radiators allows ir/K/p separation up to
30 GeV/c. 40 quarts-windowed time projection cham
bers (TPCs) are employed as photon detectors. The base
drift gas (C H«) is doped with tetrakis (dimethylatnino)
ethylene (TMAE), which has a low ionization potential of
5.4 eV [6] and serves as the photo-cathode. The CRID ves
sel isfilledwith the radiator gas. The thickness of the gas
6
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radiator is 45 cm at 0=00°. The Cherenkov photons are
reflected by spherical mirrors and focused outo the TPCs.
The CRID has 40 quarts-windowed 1 cm-thick liquid ra
diator trays. The Cherenkov photons from the traya are
proximity focused onto the TPCs,
Because the system is large, fragile, and susceptible to
contaminations, the stability of operation and the main
tenance of high quality fluids, over an extended running
period are major concerns.
^
Since each Cherenkov photon yields only one pnotoelectron and the photo-electrons drift up to 127 cm along
the TPCs, it is essential lo keep a long electron lifetime in
the drift gas. Also, high UV transparencies of the radiator
fluids must be maintained, because only about 10 photoclcctrans are expected in each ring. Furthermore, since the
radiator fluids are expensive, they must be re-circulated.
To ensure that the fluids are of good quality, the fluid
systema are equipped with on-lini) monitoring systems.
The systems continuously measure electron lifetime in the
TPC gas, UV transparencies of nil fluids, and oxygon and
water vapor concentrations in the base drift RUN and the
radiator gas.
Each fluid pressure is carefully maintained within a few
Torr of atmospheric pressure to protect the fragile and ex
pensive internal components. The drirt gas and radiator
gas systems use mass flow controllers and a custom rudely
valve controller, while the liquid radiator system is nn "in
trinsically safe" gravity-feed system.
The vessel is heated to 30°C, because the TMAE vapor
and the radiator gas mixture condense at room temper
ature. An uninterruptible power source and a fail-proof
control system arc required to avoid accidental condensa
tion. Condensed TMAE in the in Ml I folds or in the TPCs
would react with impurities remaining on the surface and
reduce the electron lifetime significantly. Condensation of
CgFis would leave spots on the optics and could cause
severe under-pressure in the vessel,

The electron lifetime monitor (ELM) [8] ia a miniature
ionization chamber containing an A r a source. The ELM
measures the pulse-height spectrum of drift electrons from
the source with various drift lields in the chamber. The
relation between the pulse-height and the drift field (i.e.
drift time) yields the electron lifetime.
Oxygen and water vapor levels are measured by commer
cial equipment ' . Both measure concentration down to
the 1 ppm level. However, the oxygen sensor is not compat
ible with TMAE-laden gas, therefore, measurements must
be done before TMAE is added.
The vessel and the components are heated by approxi
mately 200 heaters. Half of them are backed up by a diesel
generator in the event of a power failure. The temperature
of the vessel is monitored by approximately one thousand
temperature sensors , The control system IB CAM ACbused with hardware back-up, The back-up control system
ulilizcfi a small number of platinum temperature sensors".
This hack-up system takes over control if the activity in
the CAMAC crate is interrupted for more than 5 minutes.
The power source for the temporalure control system
and the flow/pressure control system for the TPC gas and
tho radiator gas is backed up by a diesel generator. It is
also backed up by batteries to avoid transients on switching
from the commercial power to the dicscl generator.
3,l
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Fluid Delivery Systems

The fluid delivery systems have been made under strict
quality control. Compatibility of all materials with the
fluids hus been tested to eliminate possible contamination
and/or degradation or the fluids, Electro-polished stain
less steel tubing has been used in all fluid sub-systems.
The systems must be exceptionally leak light. This is par
ticularly true in the TMAE-laden drift gas system.
3.1

2

Fluid Monitoring and Control S y s t e m s

Drift G a s Dulivory S y s t e m

The drift gas delivery system is shown schematically in
Fig. 1. The base drift gas (C IIo) is filtered to remove
impurities and delivered through a mass flow controller
(MFC) . The gas is then bubbled through liquid TMAE
using a constant temperature bubbler to pick up a small
amount of TMAE vapor, and then sent to the TPCs. The
nominal (low rate is 7</min, for all 40 TPCs. Each TPC
has a capacity or approximately 371. The pressure on the
TPCs, which is kept about one Torr higher than the vessel
pressure, is (ledlied by the [low rate and the oil levels in the
bubblers on the exhaust manifolds. The pressure is moni
tored by a pair of capacitance manometers . Two shut-off
2

A detailed description of the monitoring and control sys
tems can be found elsewhere [7]. The systems are described
briefly here.
A dedicated stand-alone computer (VnxStntion II) is
used for monitoring and control. The various quantities
monitored are stored in a database as iimi> histories.
The UV transparencies of all fluids are measured by
two on-line UV monitoring systems, One of tliem IN used
for gases and the other for liquids*, The radiator gits can
be measured in both the gas and the liquid phases. The
UV monitoring systems contain a deuterium lamp with a
MgFj window , a inonochromalor and photomultiplicrs
with wavelength shifters, The ratio of the light intensity
through the sample fluids to that through clean nitrogen,
which is UV transparent, gives the UV transparency.
1
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Figure 2: Oxygon levels and electron lifetimes in the TPCs.
The oxygen sensor has an offset of 0.6-0,7 ppm, The elec
tron lifetimes were measured with COj (open circles) or
C B F U + N J (solid circles) in the vessel.
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Figure 1: Drift, gas delivery system.

valves nntl the MFC stop llin flow when the box pressure following:
strays from the operating range. The TMAE in the ex
1. Water washing: TMAE is mixed and shaken with
haust gas is recovered in a refrigerator which is coaled to
de-oxygenated IIPLC-grade water so that contam
about -10°C.
inants are dissolved in the water. Because TMAE is
Since TMAE is extremely reactive, in particular with
lighter than water, the TMAE floats to the top of the
oxygen, and because some of the reaction products are
water. The water is then discarded from the bottom
highly electronegative, very pure bnse drift gas and an ex
of the container. This process is repeated three times.
tremely leak-tight system are required. To achieve the de
sired purity (less than 1 pnin of oxygen), high purity ethane
2. Filtering: The TMAE is dried and filtered through
gas' is filtered by molecular sieve (13X) and Oxisorb .
silica gel and molecular sieve (3A and 4A). This step
The oxygen readings in the TPC exhaust gases are typ
shortens the time required for the next step consider
ically less than 1 ppm (Fig. 2a). The oxygen meter has
ably.
an offset of about 0.6-0.7 ppm, therefore the oxygen lev
els in most of the TPCs are nearly zero. A few ppm of
3. Pumping: The TMAE is pumped at low pressure (20elemental sulfur, which could react with some of the TPC
80 Torr) for 4-12 hours with a small flow of methane
materials, has been found in the supply gas. The amount
gas bubbling through it until good electron lifetime is
of sulfur present in the gas is batch dependent. To elim
obtained.
inate this sulfur, a nickel-catalyst filler is placed right
after the ethane cylinder. However, the filler seems to By this procedure, enough TMAE for two years of opera
outgas oxygen when it is heated cither during activation tion has been purified.
The TMAE bubbler temperature is maintained at
or exothermnlly as it absorbs snlfur. Therefore, another
Oxisorb filter has been added after the nickel-catalyst fil 23.5°C, which corresponds to a concentration of 0.06% and
ter (not shown in the figure) to ensure that the oxygen an absorption length of 16 mm at A=17OO-105OA [9,10].
Fig. 2b shows the electron lifetimes in the TPC exhaust
level at the final Oxisorb filter remains low.
As delivered by the vendor, TMAE contains a number gases measured in the ELM. The electron lifetimes are
of contaminants. Our TMAE purification procedure is the about 200/is and do not degrade even when highly electro
negative C5F12 is introduced into the radiator vessel .
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'Alpha Gas Co., Wolliul Creek, CA 29596, USA.
' " M e n u Oreiuhiem GMBH, D-IUUD Diiascldorf 30, Germany.
"M-01O4T-1/8: Engelluwd Co., bdin, N.1 08830, USA.
"Source: flSA Co., Ardslcy, NY 10502, USA.
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J . T . Bnter Inc., Pliillipeburg, NJ 08865, USA.
"Note: The electron lifetime meaaured in the ELM may not be
equal to that hi the TPCs, became the drift Heidi are different.
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Figure 4; Transparencies of 1 cm of clean C5F13 liquid
(solid), and liquid circulated for 11 days without filtration
(dashed).
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Figure 3: Gas radiator (CrjFu) circulation system
3.2

Gas Radiator Circulation System

The radiator gas is a mixture of C5F13 (70%) and nitrogen
(30%), because the boning point of CJFIJ (28*C) is close
to the vessel operating temperature (30 C). The conden
sation point of this mixture is about 20°C.
Fig. 3 shows the circulation system of the radiator gas.
Liquid CgFu * is stored in a tank which is cooled to
around -80°C. The liquid is boiled in an evaporator and
acquires enough pressure to be sent to the vessel. This
evaporated gas is then mixed with purified nitrogen and
sent to the radiator vessel. CjFu in the return gas is con
densed in a heat exchanger and stored in the storage tank.
The nitrogen, still in the gas phase, is released from the
storage tank. The flow rate is typically 30-40l/min. and
the vessel capacity is 13,000/.
The sound velocity in the vessel is measured to check
stability and uniformity of the mixture [11]. Sonar trans
mitters and receivers are located at three leveh on the ves
sel. A 0.1% fluctuation of the mixture is detectable with
this system. The measured uniformity and the stability in
the vessel are about ±1%.
The head space of the storage tank is purged with ni
trogen gas, which carries away any impurities remaining
in the gas phase at the tank temperature (such as oxy
gen). The liquid C5F13 is cleaned by silica get, activated
copper *, and an Oxisorb filter in a closed loop circulation
system during normal operation and also prior to loading

into the system.
Fig. 4 shows the UV transparency of 1 cm of liquid,
which is equivalent to 120 cm in the gas phase. The trans
parency reduces v/hen the gas is circulated without filtra
tion. The oxygen and water vapor levels in the return gas
are typically about 5 ppm and SO ppm respectively, and
not large enough to explain this degradation. However, af
ter passing through the filtration system, the transparency
is recovered in full.

8

3.3

l i q u i d Radiator Circulation System

Fig. 5 shows the liquid radiator circulation system. Hie
system uses only gravity to move the fluid through the
liquid trays. CeFn liquid , stc-ed in a reservoir tank, is
pumped by two gear pumps and sent to two distribution
tanks which are located above the CRID vessel. About one
half of the liquid is filtered through an Oxisorb filter, Then
the liquid is sent to spill tanks (overflow devices) which feed
the liquid trays by gravity. Most of the spill tanks service
only one tray. The pressure heads in the liquid trays are
defined and limited by the liquid levels in the spill tanks.
The liquid from the trays and the spill tanks is drained into
a sump at the bottom of the SLD detector. The liquid is
then pumped back up to the reservoir tank.
The entire system is in contact with a purified nitrogen
buffer gas which serves as a pressure reference. The buffer
gas communicates with the atmosphere through a bubbler
and a C3F14 condenser which traps C«FM vapor from the
reservoir tank. A safety bubbler on the sump protects the
quartz windows on the liquid trays from overpressure.
To confirm that the liquid trays are full, a level sensor
which employs a device containing an infrared LED and

1
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"EngBlhard Co., Elyria, OH 44035, USA.
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k

to 411 Buffer Vnli.nm^

1.2

l—CE

frO.8
tz
£m
o.
vt
|

0.4

_

/; (

IX i

-*•''
1600

>•-

/

•

i

i

1800
2000
Wavelength (A)

i

i

2200

Figure 6: Transparencies of 1 cm of clean COPM liquid
(solid), fully oxygonatod liquid (dashed), liquid exposed to
GIO for 107 days (dotted), and liquid exposed to DP-190
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Figure 5; Liquid radiator ( C a F n ) circulation system.
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a photo-transistor has been developed. This device is
normally used to measure the reflectivity of surfaces in
front of it. With a drop ofepoxy (Epon 8 2 6 or Versamid
1 4 0 ) on its face, it reflects less light on its surface when
it is immersed in C G F H liquid.
C S F M liquid is cleaned by the following procedure.
Clean boil-off nitrogen is initially bubbled at a high flow
rate through the liquid in the reservoir in order to deoxygenate the liquid. This process reduces the oxygen
concentration of 2501 of liquid, which is initially contam
inated with 135,000 ppm of oxygen, down to ~ 2 0 ppm in
about 24 hours. At this point, the nitrogen bubbling is
stopped and normal circulation through an Oxisorb filter
is established.
3 0
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Fig. 6 shows the UV transparencies of 1 cm of liquid un
der various conditions. Clean de-oxygenated liquid, fully
oxygenated liquid, together with liquids exposed to GIO
for 107 days, and to epoxy ( D P - 1 9 0 ) for 128 days are
shown. G10 and DP-190 are used in the construction of
the trays. Oxygen cuts off the transparency at shorter
wavelengths, while the contamination from G10 cuts olf
at longer wavelengths. The contamination from DP-100
reduces the transparency drastically, However, the UV
transparency can be restored by the cleaning system, Also,
the rate of contamination is expected to decrease substan
tially as the trays "age".
23

Summary

The fluid systems have been operating since the summer
of 1091 without any sorious problems. We are maintaining
good UV transparencies and long electron lifetime. How
ever, the systems still require extensive routine care. A
number of improvements must be made, in particular, in
the monitoring and control systems, for years of stable op
eration.
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